Numerical studies have been performed to examine the chemically reacting ionized fluid flow through a vertical plate with induced magnetic field. This study is performed for the cooling problem. To obtain the nondimensional non-similar momentum, the induced magnetic field, energy and concentration equations, usual nondimensional variables have been used. The numerical solutions for the velocity fields, induced magnetic fields, temperature distribution as well as concentration distribution are obtained for associated parameters using the explicit finite difference method. The local and average shear stresses, current densities, Nusselt number as well as the Sherwood number are also investigated. The obtained results are discussed with the help of graphs to observe effects of various parameters entering into the problem. Also the stability conditions of the explicit finite difference method are analyzed. Finally, a qualitative comparison of the present results with previously published results has been made.
Introduction
The effects of ionized fluid flow on MHD boundary layer flow have become important in several industrial processes, scientific and engineering fields. It has been found by Cowling [1] that the ionized fluid has two distinct effects. The first effect-electric currents can flow in an ionized fluid because of relative diffusion of the ionized gas and electrons due to agencies of electric forces. The second effect depends wholly on the magnetic field. The convection flow is often encountered in nuclear reactors or in the study of planets and stars. There are many engineering problems which are susceptible to ionized fluid flow analysis. It is useful in astrophysics because much of the universe is filled with widely spaced charged particles and permeated by magnetic fields and so the continuum assumption becomes applicable. In many engineering applications, combined heat and mass transfer play an important role in fluids condensing or boiling at a solid surface. The combined heat and mass transfer are due to buoyancy forces caused by thermal and mass diffusions. Condensing and boiling are characteristic for many separation processes in chemical engineering considered that the effects of Joule heating, radiation and heat source or absorption are considered. The positive x coordinate is measured along the plate in the direction of fluid motion and the positive y coordinate is measured normal to the plate. The leading edge of the plate is taken as coincident with the z  axis. Initially, it is considered that the plate as well as the fluid are at the same temperature   T T   and the concentration level   C C   . Also, it is assumed that the fluid and the plate are at rest after that the plate is moving with a constant velocity in its own plane. Instantaneously at time t 0  , the temperature of the plate and species concentration are raised to and   w C C   respectively, which are thereafter maintained constant, where w T , w C are temperature and species concentration at the wall and T  , C  are the temperature and concentration of the species outside the plate respectively. The physical configuration of the problem is shown in Fig.1 .  is applied in a direction that makes an angle  with the normal to the considered plate. Thus if 1   , the imposed magnetic field is parallel to the y  axis and if 0   , then the magnetic field is parallel to the plate. The magnetic Reynolds number of the flow is not taken to be small enough, the induced magnetic field is not negligible. 
In addition, the boundary conditions for the model are , , , H is the uniform magnetic field, w H is the induced magnetic field at the wall, g is the local acceleration due to gravity, T  is the thermal expansion coefficient; C  is the concentration expansion coefficient,  is the kinematics coefficient of viscosity,  is the fluid viscosity, e  is the magnetic permeability,  is the density of the fluid,  is the thermal conductivity, p c is the specific heat at the constant pressure , 0 k is the rate of chemical reaction and D is the coefficient of mass diffusivity, t k is the thermal diffusion ratio, s c is the concentration susceptibility, respectively. Here p and q are considered as positive constant. The radiative heat flux r q is described by the Rosseland approximation (Brewster [14] ) such that Using these relations, in Eqs (2.1)-(2.7) and corresponding boundary conditions (2.8) after simplification, the following nonlinear-coupled partial differential equations in terms of dimensionless variables are obtained
The boundary conditions are 
(permeability of the porous medium),
Shear stress, current density, Nusselt and Sherwood number
The quantities of chief physical interest are shear stress, current density, Nusselt number and Sherwood number. The following equations represent the local and average shear stress at the plate. Local shear stress in 
are given respectively. From the induced magnetic field, the effects of various parameters on the local and average current density have been investigated. The following equations represent the local and average current density at the plate: local current density in the x -direction,
, respectively. The local current density in the z -direction,
and average current density in the z -direction, 
, respectively.
Numerical solutions
To solve the non-dimensional system by the explicit finite difference method, a set of finite difference equations. To obtain the difference equations the region of the flow is divided into a grid or mesh of lines parallel to the X and Y axes where the X -axis is taken along the plate and the Y -axis is normal to the plate. 
,
Sr ,
with the boundary conditions , ,
Here 
and Y  approach zero, then the problem will be converged. That means the results of the explicit finite difference method approach the true solutions.
Results and discussion
To investigate the physical situation of the problem, the numerical values and graphs of nondimensional primary velocity   U , secondary velocity   W , primary induced magnetic field   
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